Background: We associated regularity in visits to a diabetes clinic with the presence of diabetic retinopathy (DR) and visual disabilities. Methods: This historical cohort study was conducted in 2004. The physician reported details of diabetes mellitus (DM), hypertension, and other illness. The ophthalmologist examined eyes and noted visual acuity, DR, and other ocular morbidities. We calculated the relative risk (RR) of different complications of diabetes. Results: Our cohort consisted of 228 patients (114 in each group, one that attended diabetes clinics regularly [group A] and one that had irregular attendance [group B]). DR was found in 47 (41.2%) and 68 (61.4%) patients, respectively. The risk of DR was significantly higher in group B (RR ϭ 1.51, 95% confidence interval [CI] 1.23 to 2.18). The severity of DR was also positively associated with irregularity in clinic visits ( 2 ϭ 33.56, degrees of freedom ϭ 5, P ϭ 0.000003). The risk of bilateral blindness (RR ϭ 4.0, 95% CI 1.38 to 11.6) and low vision disability (RR ϭ 2.53, 95% CI 1.84 to 3.47) were higher in group B. The duration of diabetes and the regularity in clinic visits were the predictors of DR.
Introduction

D
IABETIC RETINOPATHY (DR) has been recently included in the priority diseases of VISION 2020. The World Health Organization has recommended that its member countries adopt a comprehensive program approach for DR and focus on primary prevention and counseling of individuals with diabetes. 1 Tight glycemic, lipid, and blood pressure control and early detection and timely management of DR are important strategies to prevent and/or delay eye complications due to diabetes mellitus (DM). 2 Unfortunately, even educated urban patients have less awareness about the importance of regular eye checkups, and often they do not follow their physician's advice. 3 To promote regular medical treatment of DM and visual disabilities due to DR, evidencebased information will be very useful but will differ according to the characteristics of the target population. We found many studies in the literature that link risk factors to DR and visual disabilities. [4] [5] [6] [7] However, they were conducted in industrialized countries with adequate resources and awareness among patients with DM. It would be interesting to see if the regularity of medical checkups among those with diabetes can be used as a proxy indicator for better control of risk factors and associate it with the magnitude and severity of DR in developing countries.
Sana'a is the capital of the Republic of Yemen. In our institute, which is located in this city, we see patients with diabetes of both middle and lower-middle income groups. The university eye center provides both medical and eye care services at a concession rate. The authors' clinic had facilities to diagnose and manage DM and its systemic complications. However, an eye checkup with modern instruments is possible in the university eye center, which was also at our study site.
We conducted this study to compare the risk of developing DR, visual disabilities, and eye complications among those individuals with diabetes regularly undergoing medical examination with other individuals with diabetes who were irregular in their medical checkups.
Subjects and Methods
The ethical committee of Ibn Al-Haitham Eye Center (affiliated with the University of Science and Technology) approved this study. We obtained written consents from administrators and patients to participate in this study.
This was a historical cohort study. Patients with DM attending the ophthalmic clinic of Ibn Al-Haitham Eye Center were our study population. The study was conducted between January 2004 and December 2004. The first 10 patients attending the diabetes clinic in each month of the study period and who were regular visitors were recruited. We also enrolled the first 10 patients every month who visited the clinic but were irregular in their past visits. Patients with DM who had visited a physician's clinic five times consecutively on the day of the scheduled appointment were labeled as regular in clinic visits. Those missing any one of the last five consecutive appointments were labeled as irregular in clinic visits.
We assumed that the risk of DR is 50% in patients with DM attending clinics irregularly and 30% among those attending clinics regularly. To prove this hypothesis with a confidence interval (CI) of 95% and precision of 80%, we need 103 patients in both groups. To compensate for refusals, we inflated the sample by 10%. Thus the final sample consisted of 114 patients with DM who regularly attended the clinic and 114 patients with DM who were irregular in their visits to the clinic. This calculation of sample size was carried out using STATCALC of the Epi Info™ version 6 software (Centers for Disease Control [Atlanta, GA] and World Health Organization [Geneva, Switzerland] ). We used the option of calculating the sample for the unmatched cohort study.
A physician experienced in the care of patients with DM and ophthalmologists who had experience in posterior segment assessment and retinopathy evaluation were our field investigators.
Diabetes was defined as a person having fasting glucose level of Ն7 mmol/L. 8 A medical history was obtained to determine the type and duration of diabetes. The duration of diabetes was defined as the interval between the date of first time of diagnosis of DM and the date of the present evaluation. A person was defined as suffering from hypertension if three repeated measurements at different instances in 1 day showed a reading of Ͼ130 mm Hg systolic pressure and/or Ͼ80 mm Hg diastolic pressure. 9 If he or she was already taking medicine to control hypertension, he or she was included as hypertensive even though measurements were within the normal range.
All these patients were at least annually sent for an eye checkup. Vision of each eye was noted with the best possible correction. A Snellen projection chart (Topcon, Tokyo, Japan) was used for this purpose. The anterior segment of the eye was examined using a bio-microscope slit lamp (Haag-Streit, Bern, Switzerland). The ocular pressure was measured by an applanation tonometer (Carl Zeiss Meditec Inc., Dublin, CA). For patients suspected to have glaucoma, the field of vision was tested by using an Octopus automated perimeter (Haag-Streit). We asked patients to move their eyes in all eight directions to test the ocular mobility to note ocular muscle paralysis or paresis.
The pupils were dilated by instilling one drop of 1.0% tropicamide. If the pupil did not dilate after 30 min, we added one drop of 2.5% phenylephine to the previous one. The fundus was examined with a ϩ90 D Volk lens and biomicroscope. DR detected for the first time and those labeled in the past by an ophthalmologist were noted. This enabled us to have a stereoscopic view of the retina and its vasculature. The presence and grading of DR were according to the international clinical DR and macular edema disease severity scale. 10 A pretested form was used to collect the information for this study. The data were entered in a Microsoft (Redmond, WA) Excel spreadsheet. They were checked for inconsistencies and duplications. For a univariate type of parametric analysis, we used the Statistical Package for Social Studies (SPSS version 11.5, SPSS, Chicago, IL). Frequencies, percentage proportions, relative risks (RRs), and their 95% CIs were calculated. To review the interaction of different risk factors, we carried out a binominal regression analysis. The presence or absence of DR was the dependent variable. Age, sex, and duration and type of DM were the independent variables. A variable that did not have statistical significance was removed from the regression model.
All the patients with DR were counseled for their ocular status and were given treatment at concession rates. DM patients with blindness or low vision disability were referred to rehabilitative services.
Results
Characteristics of the cohort
Two hundred twenty-eight patients were examined in our cohort. Their characteristics were evaluated ( Table 1 ). The mean age of patients was 50.01 years (SD 11.995 years). The youngest patient was 17 years old, while the oldest one was 85 years old. Of the 228 cases, three persons had opaque media, and hence fundus details were not visible. In 115 patients retinopathy was present. Thus the prevalence of DR among our cohort was 51.1% (44.6-57.6%). Ophthalmologists had told 44 patients in the past that they had DR in one of their eyes. Thus 71 patients (31.6%) had DR detected for the first time during study period.
DR and regularity in clinical visits
We compared the rate of DR among patients of both groups. Of 114 patients who attended clinics regularly, DR was present in 47 (41.6%) persons in at least one eye. In contrast, among 114 patients who were irregular in their clinic visits, 68 persons (60.7%) had DR in at least one eye. Thus the risk of DR in patients who were irregular in their clinic visit was significantly higher compared to patients that were regular in their clinic visits (RR ϭ 1.46, 95% CI 1.12 to 1.90).
Severity of DR relative to regularity in clinic visits
The cases of DM in both groups were categorized as no DR, mild, moderate, and severe preproliferative DR, proliferative DR, and DR with maculopathy. Number of patients examined, number and percentage of patients with DR in both groups, 2 values, degrees of freedom, and P values were calculated ( Table 2) .
Predictors of DR
The presence or absence of DR was the dependent variable. In the binominal regression model, we included age, sex, duration of diabetes, type of diabetes, and regularity in clinic visits. The adjusted odds ratio, 95% CIs, and P values were calculated (Table 3 ). The duration of diabetes and regularity in patients' visits for medical checkups were the predictors of DR.
Visual disabilities in patients with DM
The rate of bilateral blindness (V n Ͻ 3/60) was 20 of 228 (8.8%). The rate of "low vision" disability was 135 of 228 (59%). We also compared visual disabilities in the two groups (those with regular and irregular visits to their physician) (Table 4) . Visual disabilities were significantly more frequent in patients with diabetes who were irregular in clinic visits (RR for blindness ϭ 4.0, RR for low vision ϭ 1.53).
Causes of severe visual impairment and blindness in both groups
Among patients visiting the clinic regularly, 20 persons had severe visual impairment and blindness. Unoperated cataract (n ϭ 7), clinically significant macular edema (n ϭ 6), and complicated aphakia (n ϭ 2) were the principal causes of blindness. We found that the causes of blindness in three REGULAR CLINIC VISITS AND DR 47 patients were papillitis, myopia, and ischemic maculopathy, respectively.
Among patients visiting the clinic irregularly, 54 persons had severe visual impairment and blindness. The causes of severe visual impairment were unoperated cataract (n ϭ 16), clinically significant macular edema (n ϭ 18), glaucoma (n ϭ 8), DR (n ϭ 5), papillitis (n ϭ 1), myopia (n ϭ 2), and ischemic maculopathy (n ϭ 3).
Laser treatment of DR
Of the 114 patients visiting the clinic regularly (group A), 11 patients (9.6%) had undergone laser treatment in the past. In contrast, in patients who were irregular in their checkups with a physician (group B), laser treatment for DR was given in 28 (24.6%) patients. The incidence of laser treatment in relation to the patients with DR was (39/115) ϫ 100 ϭ 33.9%.
Discussion
A physician can evaluate the progress of systemic complications of diabetes and assess the impact of ongoing management of diabetes if patients regularly visit the clinic and undergo checkups. During these visits, the health staff also gets the opportunity to counsel patients with diabetes about the importance of glycemic, lipid, and blood pressure control. Development and progression of DR are associated with these risk factors. 2 Identification of these risk factors unfortunately needs frequent and costly laboratory investigations that patients of developing countries often cannot afford.
Even the resources for such investigations and detailed retinal examination to detect DR in early stages are not available in many institutions, and hence standard eye care of individuals with diabetes is hampered. 11 Our study explored the role of an indirect indicator like frequency of clinic visits by patients with diabetes in predicting the development and progress of DR.
Health-seeking behavior of patients with different health problems has shown protection against severity of many diseases. Periodic antenatal checks have been documented to reduce risks to mothers and newborns. 12, 13 Dental visits for checkups also were significantly associated with low DMFS scores (an indicator of good oral health). 14, 15 In our study also the habit of regular visits to a diabetes clinic was associated with a lower magnitude of visual disability and DR. Regular physician's checkups and the duration of DM were independent protective factors and predictors of DR in our study, respectively. The duration of DM is already a known risk factor. 2 The regularity in checkups by a physician could be a proxy indicator of better primary prevention in our cases.
Ophthalmologists during previous visits had told 44 patients about the presence of DR and threat to eyesight. It can be argued that such counseling in the past might have altered the patient's health-seeking behavior. To address this problem, we took information from the last five visits to define regularity of visiting a physician. It is also noteworthy that among those patients treated by laser photocoagulation in the past, more than two-thirds were irregular in their vis- A person with diabetes of long duration might be handicapped, and hence he or she may not be able to visit a physician regularly. 16, 17 Thus the negative association that we noted between regular clinic visits and the severity of DR could be due to reverse causality. As all our patients were independently mobile, the possibility of patients with diabetes having severe visual impairment being irregular in physical checkups is also unlikely.
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As an additional objective, we noted rates of DR and visual disability among individuals with diabetes in our study. The blindness and low vision disability rates in our cohort were high. These matched with the findings of studies in Oman 18 and the United States, 19 which noted that the risk of visually disability was more among patients with diabetes compared to those without diabetes.
Tight glycemic control is a known predictor of DR. 7 Glycosylated hemoglobin investigation gives the accurate status of glycemic control in the previous 3 months. 2 Because of the lack of facilities in governmental institutes and the high cost of this investigation in private laboratories, many of our patients could not undergo a glycosylated hemoglobin test. Hence association of glycemic control with DR based on testing for blood sugar should be interpreted with caution.
In addition to DR, many other eye conditions that could cause avoidable blindness, like unoperated cataract and refractive error, were found more among those patients who were irregular in their visits to a physician. To manage these conditions, additional care will be needed as uncontrolled diabetes could pose risk for postoperative infection in this group. The presence of cystoid macular edema in a large number of cases needs further investigation and prompt management, which will require skilled manpower and equipment.
Developing countries have yet to give importance to a program approach to address chronic and age-related blinding eye diseases. 12, 20 Rapid urbanization and change of lifestyle in upper and middle class citizens in major cities of even developing countries have resulted in an epidemic of diabetes. 14, 21 Ophthalmologists face a major challenge while dealing with blindness as a consequence of eye complications of diabetes. However, it is difficult to convince decision-makers to provide resources, adopt prevention and rehabilitative strategies, and integrate prevention of blindness through existing health programs. Evidencebased information would help in such initiatives. 22 A number of cross-sectional studies covering such population have estimated the magnitude of DR. 13, 15, 23 But to identify risk factors and promote primary prevention, longitudinal studies are needed. Therefore the results of our study will be useful to formulate practical indicators that will help in focusing on DR within the prevention of blindness program of Yemen.
